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DSSOLFDWLRQV0RVWKHDY\DOOR\VFRQVLVWRI:SDUWLFOHVHPEHGGHGLQPDWUL[RIRWKHUPHWDOVRUWKHLUDOOR\VVXFKDV
LURQQLFNHORUFRSSHU$%RVH,QSDUWLFXODU:±FRSSHU&XFRPSRVLWHVPD\KDYHDSRWHQWLDOXVHDVKHDW
GLVVLSDWLRQ PDWHULDOV LQ WKH PLFURHOHFWURQLFV ILHOG 5 0 *HUPDQ  GLYHUWHU SODWHV LQ IXVLRQ UHDFWRUV -
%RVFDU\RULQVSHFLDOLQGXVWULDOLHDHURVSDFHDSSOLFDWLRQV
([SHULPHQWDOVWXGLHVUHODWLQJWKHPHFKDQLFDOSURSHUWLHVRIVDPSOHVIRUPHGIURPQDQRFU\VWDOOLQHSUHFXUVRUSRZGHUV
VKRZ WKDW WKHVH XOWUDILQH JUDLQHG PDWHULDOV DUH IXQGDPHQWDOO\ GLIIHUHQW IURP WKHLU QRUPDO FRDUVHJUDLQHG
FRXQWHUSDUWV 7KHVHPDWHULDOVRIWHQKDYHYHU\XQXVXDOSURSHUWLHV WKH\DUHXOWUDKDUGDQGZHDU UHVLVWDQWKDYHDQ
LGHDOFRPSDWLELOLW\RIVWUHQJWKDQGHODVWLFLW\DQGDUHFKDUDFWHUL]HGE\VXSHUSODVWLFLW\:KHQWKHDYHUDJHJUDLQVL]H
LVOHVVWKDQRUHTXDOWRWKHZDYHOHQJWKRIYLVLEOHOLJKWWKHPDWHULDOZLOODOVRKDYHXQLTXHRSWLFDOWKHUPDOHOHFWULFDO
DQGPDJQHWLF SURSHUWLHV DV ZHOO  7KHUHIRUH D GHFUHDVH RI WKH JUDLQ VL]H DQG FRQFRPLWDQW FRQWURO RI WKH GHIHFW
VXEVWUXFWXUHRIWKHJUDLQVVHHPVWREHDSURPLVLQJZD\WRLPSURYHSURSHUWLHVRIWKHVHPDWHULDOV3UHVHQWO\WKHUHDUH
YDULRXV PHWKRGV HJ FROG RU KRW LVRVWDWLF FRPSDFWLRQ LQ YDFXXP RU RWKHU PHGLD IRU WKH PDQXIDFWXULQJ RI
PRQROLWKLF VSHFLPHQV XVLQJ SUHFXUVRU SRZGHUV UDQJLQJ IURP PLFUR WR VXE PLFURPHWHU  WR QDQRPHWHUVL]HG
SRZGHUVLHFRYHULQJWKHYLVLEOHOLJKWVSHFWUXPIURPLQIUDUHGWRXOWUDYLROHWZDYHOHQJWKV
$OO H[LVWLQJ FRQYHQWLRQDO WHFKQRORJLHV DORQJVLGH ZLWK LPSDUWLQJ SRVLWLYH SURSHUWLHV LQWURGXFH FHUWDLQ QHJDWLYH
IHDWXUHV1DQRPHWHUVFDOHJUDLQVDUHYHU\VHQVLWLYHWRKHDWLQJZLWKLQFUHDVLQJWHPSHUDWXUHVWKHVHSRZGHUVEHJLQWR
JURZ UDSLGO\  7\SLFDOO\ WKLV JUDLQ JURZWK LV QRQXQLIRUP DQG LWV RYHUDOO LPSDFW FDXVHV LPSHUIHFWLRQV DQG
QRQXQLIRUPLW\LQWKHQDQRVWUXFWXUHDQGDVDUHVXOWPRQROLWKLFPDWHULDOVIRUPHGXQGHUVXFKFRQGLWLRQVGRQRWKDYH
WKHXQLTXHSK\VLFDODQGPHFKDQLFDOSURSHUWLHVWKDWDUHRWKHUZLVHZRXOGEHLQWULQVLFWRQDQRVWUXFWXUHGPDWHULDOV
8VXDOO\ GHFUHDVLQJ WKH FRPSDFWLRQ RU VLQWHU WHPSHUDWXUH GXULQJ ORZWHPSHUDWXUHPDQXIDFWXULQJ SURFHVVLQJ GRHV
QRW OHDG WR D GHVLUDEOH RXWFRPH  ,Q WKLV FDVH WKH UHODWLYHO\ ODUJH IUHH VXUIDFH DUHD RI WKH SRZGHU SUHFOXGHV WKH
DWWDLQPHQW RI KLJKGHQVLW\ VDPSOHV  $GGLWLRQDOO\ DW ORZ WHPSHUDWXUHV WKH UHTXLUHG LQWHUIDFLDO JUDLQWRJUDLQ
ERXQGDULHVGRQRWIRUPWKLVLVHVSHFLDOO\WUXHGXULQJWKHFRPSUHVVLRQDQGFRQVROLGDWLRQRIUHIUDFWRU\DQGFHUDPLF
SRZGHUV  7KXV WKH DVSUHVVHG VDPSOHV DUH FKDUDFWHUL]HG ZLWK KLJK OHYHO RI SRURVLW\ DQG WKHUHIRUH LQDGHTXDWH
SK\VLFDORUPHFKDQLFDOSURSHUWLHV
1HYHUWKHOHVV VXIILFLHQW H[SHULHQFH KDV EHHQ DFFXPXODWHG WR SURYLGH VROXWLRQV WR VRPH RI WKH DIRUHPHQWLRQHG
SUREOHPV7KHLGHDLVWRDSSO\KLJKWHPSHUDWXUHVXSWR.WRWKHVDPSOHVDQGFDUU\RXWUDSLGFRQVROLGDWLRQDW
WKH HOHYDWHG WHPSHUDWXUH FRQGLWLRQV +HDWLQJ RI WKH SRZGHUV RU DOOR\V EHIRUH ORDGLQJ DVVLVWV LQ LQFUHDVLQJ WKH
VDPSOH¶VSODVWLFLW\$VDUHVXOWFRPPRQERXQGDULHVLQWHUIDFLDOVROLGVROXWLRQVLQWHUPHGLDWHOD\HUVIRUWKHFDVHRI
MRLQLQJ EXON DOOR\V DQG RWKHU EHQHILFLDO IHDWXUHV DUH IRUPHG  7KH VKRUW KHDWLQJ SHULRG dV SUHYHQWV RU
VXSSUHVVHVJUDLQJURZWKSURFHVVHV
$ IXUWKHU QRYHOW\ RI WKH SURSRVHGQRQFRQYHQWLRQDO DSSURDFK UHOLHV RQ WKH IDFW WKDW WKH FRQVROLGDWLRQ RI VROLG
VDPSOHV LQDF\OLQGULFDOJHRPHWU\IURPVXEPLFURPHWHUDQGQDQRPHWHUVL]HG:±&XSRZGHUV LVSHUIRUPHGLQ WZR
VWDJHV





,W LVH[SHFWHGWKDW WKHHIIHFWRI WKHILUVWFRQVROLGDWLRQVWDJH LV WRSULPDULO\FRPSDFW WKHSUHFXUVRUSRZGHUZLWKRXW
FDXVLQJDFKDQJH LQ LWVPLFURVWUXFWXUH+RZHYHUXQOLNH WKDW LQFRQYHQWLRQDOFRPSDFWLRQFDUULHGRXWXQGHUTXDVL
VWDWLF FRQGLWLRQV ZKHUH WKH SRZGHUV DUH VXEMHFWHG WR HOHYDWHG WHPSHUDWXUHV IRU H[WHQGHG WLPHV WKH VHFRQG KRW
FRQVROLGDWLRQ VWDJH LV SHUIRUPHG RQ WKH SUHFRPSDFWHG VDPSOHV E\ DQ HOHFWULF UHVLVWDQFH KHDWLQJ PHWKRG 7KH
KHDWLQJ WDNHVSODFH DW DKLJK UDWH DERXW WR.V UHDFKLQJ WKHSURFHVV WHPSHUDWXUH LQ DSSUR[LPDWHO\ WR
PLQ 7KH VKRUWHQHG WLPHVFDOH VLJQLILFDQWO\ GHFUHDVHV WKH SUREDELOLW\ RI WKH WKHUPDOO\ DFWLYDWHG JUDLQ JURZWK
SURFHVV DV LW ZDV GHPRQVWUDWHG LQ WKH SUHOLPLQDU\ H[SHULPHQWV ZKLOH WKH KLJK LQWHQVLW\ VKRFN ZDYH ORDGLQJ
LPSDUWVIOXLGLW\WRWKHJUDLQVXUIDFHVWKHUHE\LQFUHDVLQJWKHLUSODVWLFLW\DQGWKXVJHQHUDWHWKHSDUWLFOHSDUWLFOHERQGV
WKDWZRXOGRWKHUZLVHQRWIRUPXQGHUWKHTXDVLVWDWLFFRQGLWLRQV
,Q WKLV VWXG\ ZH XQGHUWRRN WKH FRQVROLGDWLRQ RI FRSSHU±ZW WXQJVWHQ &X±: SRZGHU PL[WXUHV LQWR
F\OLQGULFDOURGVXVLQJERWKKRWVKRFNZDYHFRQVROLGDWLRQ+6:&DQGKRWYDFXXPFRPSDFWLRQ+9&SURFHVVHV
7ZR W\SHVRI&X±:SUHFXUVRU FRPSRVLWLRQV RQH W\SHZLWK DQDQRPHWHUVFDOH:DQG DQRWKHUZLWK FRDUVHUJUDLQ
VL]HV RI !  ȝP:ZHUH FRQVROLGDWHG WR QHDU WKHRUHWLFDO GHQVLW\ DW  DQG & 7KH VKRFNZDYH ORDGLQJ
LQWHQVLW\ZDVDERXW*3DWKHORDGLQJLQWHQVLW\GXULQJVWDWLFFRPSUHVVLRQZDV03DNJFP
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7KHLQWHQWRIWKHLQYHVWLJDWLRQVZHUHWRGHWHUPLQHLIWKHXVHKLJKWHPSHUDWXUHVDQGWKHXVHRIWZRVWDJHVKRFNZDYH
SURFHVVLQJPHWKRGZRXOGEHEHQHILFLDO UHVXOWLQJ LQKLJKGHQVLWLHVJRRG LQWHJULW\ DQGJRRGHOHFWULFDOSURSHUWLHV
7KH HIIHFWV RI WKH GLVWULEXWLRQ DQG SUHFXUVRU VL]H RI WKH: RQ WKH VWUXFWXUH DQG SURSHUW\ RI WKH VDPSOHV ZHUH
LQWHUHVWLQJ 2I IXUWKHU LQWHUHVW ZDV D GHWHUPLQDWLRQ RI WKH PHFKDQLFDO SURSHUWLHV HODVWLF PRGXOXV DQG LQWHUQDO







VL]H DQG WZR SRZGHUVZLWK JUDLQ VL]HV RI !ȝPZHUH FRQVROLGDWHG WR QHDU WKHRUHWLFDO GHQVLW\ 7KH VKRFNZDYH
ORDGLQJ LQWHQVLW\ ZDV DERXW *3D ZKHUHDV WKH ORDGLQJ GXULQJ VWDWLF +9& ZDV 03D NJFP 7KH
WHPSHUDWXUHVGXULQJFRPSDFWLRQZHUHRU&
7KH H[SORVLYHFRPSDFWLRQSURFHVV LV FDUULHGRXWXVLQJ D F\OLQGULFDO D[LV\PPHWULF VFKHPHRIG\QDPLF ORDGLQJ
7\SLFDOO\ WKH VKRFN ZDYHV DUH LQLWLDWHG ZLWK WKH XVH RI LQGXVWULDO H[SORVLYHV DQG WKHLU PL[WXUHV ZLWK YDU\LQJ
DPRXQWV RI DPPRQLXP QLWUDWH $IWHU WKH FRQVROLGDWLRQ WKH +6:& VDPSOHV ZHUH VXEMHFWHG WR PLFURVWUXFWXUDO
FKDUDFWHUL]DWLRQ DQG PLFUR KDUGQHVV PHDVXUHPHQWV 7KH HOHFWURPDJQHWLF SURSHUWLHV HOHFWULFDO UHVLVWLYLW\ DQG
PDJQHWLF VXVFHSWLELOLW\ DORQJ ZLWK WKH PHFKDQLFDO SURSHUWLHV HODVWLF PRGXOXV DQG LQWHUQDO IULFWLRQ ZHUH DOVR
PHDVXUHG
5HVXOWVDQGGLVFXVVLRQ
,Q WKH H[SHULPHQWV ZH KDYH XVHG WZR QRPLQDOO\ QDQRPHWHUVL]HG SRZGHUV RQH IURP 7UHLEDFKHU ,QGXVWU\ $*











)LJXUHV D DQG  E LOOXVWUDWH WKH +6:& VDPSOH PLFURVWUXFWXUHV RI WKH &X±: ELOOHWV IDEULFDWHG ZLWK WKH
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7UHLEDFKHUQDQRPHWHUVL]HG:VKRZQLQDOHIWFROXPQDQGWKH)UDQWVHYLFKȝPVL]HG:EULJKWFROXPQ
UHVSHFWLYHO\DWLQFUHDVLQJPDJQLILFDWLRQVDIWHUWKHFRPSOHWLRQRIWKHVHFRQGVWDJHRI+6:&DW&%DVHGRQD







D      E







$VVKRZQ LQ)LJXUHPHDVXUHPHQWVRI WKHKDUGQHVVYDULDWLRQRI WKH&+(&&X±:ELOOHWV VKRZHG WKDW
FRPSRVLWHIDEULFDWHGIURPWKHQDQRPHWUHVL]HG:LVFKDUDFWHUL]HGZLWKOHVVHUVFDWWHURIWKHPLFURKDUGQHVVYDOXHV
WDNHQDWUDQGRPORFDWLRQVDORQJWKHFRPSDFWLRQD[LV,QFRQWUDVWWKHKDUGQHVVYDULDWLRQDQGVFDWWHULQWKH+(&&X±
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:FRPSRVLWHVDPSOHZLWKWKHPLFURPHWHUVL]HG:LVJUHDWHU $FRPSDULVRQRI WKHVDPSOHKDUGQHVVHVRI WKH
ELOOHWV FRQWDLQLQJ WKH QDQRPHWHU DQG PLFURPHWHUVL]H : VKRZV WKDW WKH ODUJHU JUDLQVL]H : LV PRUH
LQKRPRJHQHRXV ZLWK LVRODWHG UHJLRQV ZLWK FRQVLGHUDEO\ KLJKHU KDUGQHVV YDOXHV  ,W LV OLNHO\ WKDW WKH ODFN RI
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
$V LW LV VHHQ IURP WKH WDEOH ILQGLQJ DQ\ GLIIHUHQFH RI KDUGQHVV YDOXH EHWZHHQ WKH GLIIHUHQW FRPSRVLWLRQV LV
































WHFKQRORJLHV$OO WKHVH HOHFWURGHV KDYHZRUNHG EHWWHU WKDQ W\SLFDO HOHFWURGHV 7KH HOHFWURGHV FRQWDLQLQJ  RI
JUDSKLWH VWRRG RXW IRU ZLWK LWV VWDELOLW\ DQG WKHLU GXUDELOLW\ ZDV LQFUHDVHG  WLPHV FRPSDUHG ZLWK WKH H[LVWLQJ




WKHJUDLQERXQGDULHV 7KLVHIIHFWPDQLIHVWHGDVDKLJKHUHOHFWULFDOUHVLVWLYLW\ LVPRUHSURQRXQFHGIRU WKH+6:&
VDPSOHVWKDQWKRVHIDEULFDWHGZLWKWKH+9&PHWKRG
,WZDV IXUWKHU HVWDEOLVKHG WKDW WKH&X±:FRPSRVLWHV FRQWDLQLQJ QDQRPHWHUVFDOH:KDYH D VWURQJHU GLDPDJQHWLF
VXVFHSWLELOLW\ UHVSRQVHDQGDUHFKDUDFWHUL]HGE\D ORZHUGHSHQGHQFHRI WKHVXVFHSWLELOLW\RQ WKHDSSOLHGPDJQHWLF
ILHOGWKDQWKHFRPSRVLWHVFRQWDLQLQJPLFURPHWHUJUDLQVL]H:RUSXUHFRSSHU

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